The Arabidopsis accession Columbia (Col) was used as wild type. All plants used in this study are in Col background. The following mutants and transgenic plant lines were reported previously: er-105, erl1-2, erl2-1 and their higher order mutants 1 ; tmm-1 2
; epf1, epf2, epf1 epf2
and tmm-KO 3, 4 ; ERK in er-105, ERL1K in erl1-2, 5 ; and STOMAGEN-ami line (line 12; a gift from Prof. Ikuko Hara-Nishimura) 6 . The STOMAGEN-ami lines were introduced into various mutant or transgenic backgrounds via genetic crosses. Plants were grown as described previously 7 . For phenotypic analysis, seedlings were grown on ½ Murashige and Skoog (MS) media containing 1x Gamborg Vitamin (Sigma), 0.75 % Bacto Agar, and 1 % w/v sucrose under -1 m -2 (light intensity measured by LI-250A; LI-COR).
Plasmid construction and transgenic plants generation
pKUT608 (pENTR-STOMAGEN) and pKMP127 (Est::STOMAGEN) were generated. See
Supplemental Table S1 for plasmid and primer sequence information. Transgenic Arabidopsis plants were generated by the floral dip method 8 
RT-PCR analysis
RNA extraction, cDNA synthesis, and RT-PCR were performed as previously described 9 . For a list of primers, see Extended Data Table 1 .
Histology, microscopy and image analysis
Confocal microscopy images were taken using either Zeiss LSM700 operated by Zen2009
(Zeiss) described previously 5 or Leica SP5-WLL operated by LAS AF (Leica). Cell outlines were visualized with either propidium iodide (PI: Molecular Probes) or FM4-64 (Invitrogen) and observed using the HyD detector with excitation 515 nm, emission 623-642 nm. The images were false colored using Photoshop CS6 (Adobe). Clearing of seedlings by chloral hydrate and observation using differential interference contrast (DIC) microscope was performed as described previously 10 . After infiltration, plants were cultivated at 25C and collected for further biochemical assays after 48-72 h.
Peptide expression, purification, and refolding
Recombinant MEPF2 peptide was prepared as reported previously 5 and the mature Stomagen peptide, either wild-type or non-refolding mutant version in which all six cysteines were substituted by serines, were chemically synthesized (Invitrogen and BioSynthesis). The
Stomagen peptide was dissolved in 20 mM Tris-HCl, pH8.8, and 50 mM NaCl and refolded (Mini dialysis kit, MWCO:1,000, GE Healthcare) for 3 d at 4C using glutathione (reduced and oxidized forms; Wako) and L-arginine ethyl ester dihydrochloride (Sigma). The peptides were further dialyzed three times against 50 mM Tris-HCl, pH8.0 for 1.5 d to remove glutathione. For non-folding mutant Stomagen, chemically synthesized peptides were dissolved in 50 mM TrisHCl, pH8.0. The resulting MEPF2, Stomagen, and mutant Stomagen peptides were fractionated using C18 column (Gemini) by HPLC (Waters Delta Prep 3000 HPLC) as previously described to determine the purity of each peptide 5 . The separated peaks were collected, and each peak was identified by MALDI-TOF mass spectrometry on an Autoflex II mass spectrometer in positive ion mode (Bruker Daltonics) using 2:1 a-cyano-4-hydroxycinnamic acid and 2,5-dihydroxybenzoic acid matrix. The collected HPLC-purified MEPF2 and Stomagen peptide peaks were freeze-dried, then re-dissolved to appropriate concentration. Quantification of the active populations of peptides were determined using NanoDrop8000 (Thermo Scientific) using the following molar extinction coefficients: Stomagen, 5960; EPF2, 6460; LURE2, 23950 mol -1 cm -15 1 . For bioassays, freeze-dried peptides were re-dissolved to appropriate concentration in MS medium. For subsequent biochemical assays, the amounts of bioactive peptides were calculated from this quantification.
Peptide bioassays
Refolded recombinant MEPF2 and Stomagen peptides in buffer were applied to 1 day-old
Arabidopsis plants that had germinated on ½ MS medium. After 5 d of further incubation in ½ MS liquid medium containing each peptide (2.5-5 M concentration), stomatal phenotypes of abaxial cotyledon epidermis were determined by inspection with a confocal microscope as described previously 5 .
Immunoprecipitation, protein gel electrophoresis and immunoblots
For immunoprecipitation and co-immunoprecipitation assays, N. benthamiana leaves expressing Hara-Nishimura) 6 antibodies were performed as described previously 5 . As secondary antibodies, either goat anti-mouse (GE Healthcare NA931) or anti-rabbit IgG horseradish peroxidase-linked antibodies (Sigma A6154) were used at a dilution of 1:50,000. The protein blots were visualized using SuperSignal West Femto Maximum Sensitivity Substrate (Thermo Scientific).
Quartz Crystal Microbalance
QCM measurements were performed using QCM-Z500 (KSV Instruments) and commercially 
MAPK phosphorylation assays
12-day-old Arabidopsis seedlings were grown for five days on ½ MS media plates and then transferred to ½ MS liquid media in a 12-well cluster plate (Falcon 3047®). Seedlings were treated with buffer only, MEPF2 (2.5 M), or with Stomagen (5 M) at room temperature before being pooled for harvest. For heat denaturation of MEPF2, the pepide solution was treated at 95 °C for two hours prior to MAPK phosphorylation assays and bioassays. Plant materials were ground in liquid nitrogen, and then extracted with buffer (100 mM HEPES, pH 7.5, 5 mM EDTA, 5 mM EGTA, 2 mM DTT, 10mM Na 3 VO 4 , 10mM NaF, 50 mM -glycerolphosphate, 1 mM PMSF, 1 tablet/50 ml extraction buffer of proteinase inhibitor mixture, 10% glycerol, 7.5%
(w/v) PVPP). After centrifugation at 13,000 rpm for 30 min, the protein concentration was determined using a Bradford assay (Bio-Rad). Immunoblot analysis was performed using antiphospho-ERK (1:2,000, Cell signaling) antibody as primary antibody, and peroxidase-conjugated goat anti-rabbit IgG (1:15,000, Sigma) as secondary antibody.
